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Barrier laminate for an electroluminescent device 



FIELD OF THE INVENTION 

The present invention relates to a barrier laminate and an elecfroluminescent 
device comprising such laminate. The laminate comprises planarisation and barrier materials. 
The invention also relates to methods for the manufacture of a barrier laminate, as well as to 
the use of such a barrier laminate. 

BACKGROUND OF THE INVENTION 

In toe manufacture of displays, in particular flexible displays, most of the 
substrates are built up by polymer layers and layers of barrier material. 

A flexible display can be manufactured e.g. in a flat panel display process like 
an Organic Light Emitting Display process, using a flexible substrate and a flexible cover. 
Both toe cover and toe substrate must contain one or more barrier layers impermeable to 
oxygen and water in order to protect the cell content from physical and/or chemical 
degradation. Oxidation is the case for Organic electroluminescent devices and polymer 
electroluminescent devices in particular are sensitive to oxidation. For other displays it might 
be aphysical degradation, like leakage current by water presence. Preferably, a number of 
barrier layers is used in order to hamper toe diffusion of water and oxygen as much as 
possible. 

Polymer electroluminescent devices need very high quality barrier layers. At 
toe moment toe best option for high barrier layers is a very high quality multi-layer stack. 
The multi-layer stack consists of alternatively barrier layers and planarisation layers. The 
multi-layer is needed since there is no process that can deposit defect free inorganic layers on 
large surfaces. Current organic/inorganic barrier systems are, however, fundamentally 
flawed. 

The multi-layer barrier consists of alternating barrier layers and planarisation 
layers. The deposition process for these layers is, however, not perfect and gives pinholes. 
The planarisation layers in toe stack need to smootoen toe surface to prevent that toe pinholes 
in toe previous layer are continued in toe next layer. 
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One example of a current barrier system is a multi-layered structure, 
containing a number of thin inorganic and organic layers. Each inorganic layer is non- 
hermetic. The organic layers smoothens the surface, and basically decouple the defects in me 
inorganic layers. 

The diffusion of water and/or oxygen will take place through the pinholes in 
the barrier layers. Each layer will contain some pinholes so the Diffusion will take place in a 
meander like way. An example of such a foil is Vitex Flexible Glass (barix™). 

By adding more layers in the barrier stack, the decoupling of the defects 
provides a seal which in principle leaks, but with a very long diffusion path (known as a so- 
called "labyrint seal"). A number of five inorganic layers is required to give reasonable 
barrier properties. 

The system works for infinite plates, but stops work near edges of the 
substrate. These edges occur naturally when the individual displays are separated from a 
larger processed foil. The barrier properties of the side feces of a barrier laminate are 
significantly worse than the barrier properties provided by the major surfaces. 

In a production process of flexible displays a number of devices will be built 
up on one single foil which will be separated afterwards. The organic (smoothening) layers 
are then exposed to the environment at the side of the substrate and a diffusion "short cut- 
arises. At the edges of the mtimate devices, where the foils have been cut, the diffusion of 
water and oxygen can take place directly through the top layer of the polymer into the device. 
The diffusion path is now reduced to the distance between the edge of the display area and 
diffusion bypasses all inorganic layers but the last one. Only the top layer has to be passed to 
reach the active device. Consequently, the pinhole density of Ihe top barrier layer will 
determine the permeation resistance of these foils. 

The quality is thus reduced to that of the last single inorganic layer, the rest of 
the layers become non-functional. Since five inorganic layers are needed to have reasonable 
properties, after separation this barrier will not function as a high barrier anymore. 

In US 6 ( 268 r 695, an environmental barrier for organic light emitting devices is 
disclosed. The function of the barrier is to prevent environmental constituents, e.g. water and 
oxygen, from reaching the OLED. The barrier constitutes a multi-layered structure, 
comprising at least three layers of polymers and ceramics, interchangeably. The barrier may 
be used as a foundation on a substrate as well as a cover placed over the OLED. The barrier 
can be made flexible. 



PHNL030673EPP 



3 13.06.2003 
However, nothing is mentioned regarding the problems with the impaired 
barrier properties of the side faces of barrier laminates when cut into smaller pieces. 

SUMMARY OF THE INVENTION 

An object with the present invention is to provide a barrier laminate for 
electroluminescent devices, which laminate is impermeable to oxygen and/or water, and 
which may be cut into pieces without impairing the impermeability properties at the edges. 

This object is achieved by including at least one discontinuous layer of a 
planarisalion material in the barrier laminate, which layer is divided into unconnected areas 
distributed along the plane. Preferably, said unconnected areas are separated by regions of a 
barrier material. 

Thereby, lateral gas and/or water barriers are included inside a planarisation 
layer in the laminate, in order to block diffusion paths through pin holes or at edges. The 
introduction of transverse barriers also increases the barrier properties in the normal 
direction, especially when there are less than one pinhole per chamber. 

All materials may be used in a planarising layer, as long as they planarise. 
Mostly, organic materials or combinations of organic and inorganic materials are used as 
planarisation materials. 

The barrier layers suitably have an intrinsic permeability which is as low as 
possible. The barrier layers are usually made of inorganic materials, but could also be made 
of combinations of organic and inorganic materials. 

For example, the regions of barrier material forms a checked pattern, which 
renders it possible to sharply delimit the areas of planarisation material from each other. 

Further, the barrier laminate may comprise at least one continuous layer of a 
planarisation material and at least one continuous layer of a barrier material. For example, the 
laminate contains five layers of planarisation material and six layers of barrier material 
Thereby, the difmsion path ihrough pinholes in the laminate is prolonged, and the barrier 
properties are improved. The number of layers maybe fewer or more than the number 
mentioned above. The number of layers depends on the quality of the barrier layers in the 
laminate; the more pinholes, the more layers are required. The discontinuous layer is suitably 
arranged between two continuous layers of a barrier material. Then, the barriers will meet 
and form a lateral barrier. 

The discontinuous layer in a barrier laminate may be manufactured by 
depositing a continuous layer of a planarisation material, removing regions of said layer of a 
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plantation material, and filling said regions with a barrier material. Alternative techniques 
for removing regions of the plantation material include lithographic techniques, eg expose 
and develop/etch, or laser ablation. 

The discontinuous layer in a barrier laminate may also be manufactured by 
depositing a patterned layer of a plantation material, whereby regions where no 
plantation material is deposited is formed, and filling said regions with a barrier material 
Alternative techniques for patterned deposition of me plantation layer include printing 
techniques, like screen printing, inkjet printing, spraying, or patterned vacuum deposition, 
like evaporation through a shadow mask. 

Suitably, the filling of the regions with a barrier material is performed in the 
same process step (simultaneously) as the deposition of a continuous barrier layer on top of 
the discontinuous layer. Thereby, the production process is rendered more effective. 

One advantage of making planarisation layers from a liquid phase is that it 
forms "droplets shapes" with slanted edges, which makes a smooth deposition of the next 
barrier layer possible (better then when it had straight edges). 

The present invention also relates to the use of a barrier laminate as an oxygen 
and/or water impermeable film. 

The invention also relates to an electronic device, in particular an 
electroluminescent device, having active layers and a barrier laminate in accordance with the 
invention positioned over the active layers, the laminate having a discontinuous layer 
(4)which is, among the layers of the laminate containing planarisation material, the one 
closest to the active layers of said electioluminescent device. 

Suitably, there is a barrier layer closest to the device, to prevent lateral 
diffusion through the top layer. The top layer could also be made ofa planarisation material 
but then interrupted at the edge seal of the electroluminescent device. 

The discontinuous layer is preferably that layer of the layers containing 
planarisation material, which is arranged closest to the active layers of said 
electroluminescent device. 

These and other aspects of the invention will be apparent from and elucidated 
30 with reference to the embodiment described hereafter. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows an intersectional view of the barrier laminate according to toe 
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invention. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

In the research work leading to the present invention, it was found mat by 
including lateral gas barriers inside a planarisation layer in a barrier laminate, the barrier 
properties for ^diffusion via side feces is improved. The lateral barriers are included by 
making a discontinuous planarisation layer, forming separate islets (unconnected areas) of 
planarisation material, and incorporating barrier material between me planarisation material 
islets. 

In fig. 1, one embodiment of the barrier laminate (1) according to the 
invention is illustrated. The barrier laminate (1) comprises continuous planarisation layers (2) 
and continuous barrier layers (3). m a stack of layers the discontinuous layer (4) is arranged 
as close as possible to the active layers of the eleclrolumine-scent device (not shown). It 
comprises areas (5) of plan-arisation material and regions (6) of barrier material. 

The regions of barrier material forms lateral barriers, which can be positioned 
rn all planarisation layers, but are optimal in the planarisataion layer closest to the device 
The lateral barriers extend along the side fece(s) and connect the layers directly adjacent to 
the planarisation layer. 

Preferably, the layers directly adjacent to the discontinuous planarisation layer 
are made of barrier material. The layers of barrier material will contain pinholes, and more 
than one layer of barrier material is usually needed to cover those holes. Inbetween the layers 
of barrier material, aplanarisation layer is arranged to prevent diffusion through pinholes in 
the first layer to pinholes in the second barrier layer. The transverse barriers in the 
planarisation layer work best if they have a barrier on top and on the bottom. Thereby, the 
barriers will meet and form the wanted lateral barrier. 

Thus, barrier layers are applied not only in a horizontal, but also in a vertical 
direction at appropriate distances. The vertical barriers efficiently prevent oxygen and/or 
moisture to diffuse into the planarisation layer, whereby the risk of diffusion into another 
layer in the laminate is minimised. The transverse barriers in subsequent layers could be 
aligned (preferably) or not (e.g. random, easier to process). 

For this to work well, the regions of barrier material should form a kind of 
grid. In a top view, the barrier pattern may look for instance like squares or like bricks in a 
wall (hexagonal* in closed package). The density of the pattern can be adjusted to the 
application. The number of barrier layers per centimetre will determine the resistance for the 
diffusion of me water etc in a horizontal direction through the laminate. 
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^ m "^ alam ^«e»ithm OTettl a n<med i sc<)1]tinuousp|aIlarisalioii 
fcyers, ««, is „ advance to have ,he ta, ha™ ^ercd (no, on fcp of each other): 

wheoap^ole^p^en.ta.hea^ofthe.a^harier.tocon^.ioainthenex.layeris 
prevented y 

It is also possible to make a barrier laminate comprising discontinuous layers 



only. 



The plantation material used according to the present invention is suitably a 
polymenc material. Examples ^V^m^n^^^^^^^ 
are e.g. parylene, acrylates, epoxides, urethanes, spin-on dielectrics, and siloxanes 

„.„ c . x E ^ pleS ° fWermateri ^tobeusedmmepresentinventionareS^ 
SiC, Si 3 N 4 , TiQ 2 HfD 2 , Y 2 0 3 , Ta 2 O s , A1 2 0 3 , etc. 

It is possible to mix different types of organic and inorganic materials in one 

15 T^Zr taBJ «^ rf ^^^^-— -*b. 

The lateral barriers, i.e. the regions of barrier material, can be made by 
Patterned deposition of the planarisation layer. Where the plantation material is not 
deposited, the barrier material will be deposited. 

^ o4erwa y toma ^^thediscontinuouslayeri Sto evaporatea 
20 deposited monomer (oligomer) trough a shadow mask and than filling the spaces with a 
barrier material. 

deposition of the next barrier layer. 

The discontinuous layer can also be manufactured by etching a pattern in the 
plantation layer and filling the spaces with the barrier material. 

^ ^ , .f^ plWOfman ^ c ^-^ are, either deposition from a gas phase, 
or from a liquid (printing, e.g. ink-jet, flexo, gravure or coating and litho patterning) or 
transfer from solid (e.g. thermotransfer, Screen printing). 

The barrier laminate according to the invention may be used as an oxygen 

30 :r d 77 b r rM ^ 

30 suited for flexible substrates. 

™ eb ™lannnateacc^ 
electiolummescent devices, including hermetic coatings on top ofa device, not being part of 
a substrate. The laminate is especially suited for flexible covers. 



PHNL030673EPP 



7 

13.06.2003 



The barrier laminate according to the invention may be used as barrier fil 
anon^ncsnb^^ 

substrate, barrier laminate, device, barrier laminate where me ho*™ fc a • , 

As used herein, the expression Carrier larninate" reIates to a multUayered 
plantation and barrier layers, interchangeably. comprises 

«, ^^^ hCTeto ' 4eCT ^ sion Electroluminescent device" includes lisht 

10 ennthngmode (LED) based devices, such as organic!^ and polymer ^naT , 

verymin^ ^ 

v^thn. hghtw.ght and even flexible^ 

the invention is also suited for use in hghring devices (lamps). 8 

div,^, • , M ^ hCrein ' ^ 6XPreSSi0n "^^us layer" relates to a layer which is 
divided into unconnected area* Pr P f^ki„ *i_ y wnicn is 

materi.l „». ^^^'^^^^^ ^consist of pbMrisation 

islands , fffe,ra ^^ OTmn0nro ^™(-'^l*ly S u TO ,u n d ing 
islands of plaoaraation material) a,™ ani t „ fk ,. . ' oing 

» "ediimsionpamasanorn^ 

labyrinth). ^ d "" 10B yOU WaUc ^ and into a 

,*n. ♦ , , AS ^ ^ *" eXPreSSi ° n " C ° ntinUOUS -fetes to a layer which is 
distributed along the entire plane, without disruptions. 

As used herein, the expression "checked pattern" relates to a pattern which 

•"■ooe ana the electroluminescent material of such a device 
As med herein, me expression "oxygen md/or impenneal)lefllm „ 
' relates to a material which is a barter to oxygen and/or water ie a J • , 7k7 
aUowoxvgenand/orwatertopassmronghl ** *" "* 

^^"^toprovrdesanewl^erunnnatemrnseas 
exceUen, hamer propemes along i te come sorfcce. ,. can he manuftctorod as a singie fbi, 
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which later can he cut into smaller pieces, without risking poor hairier properties at the 
edges. 
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CLAIMS: 



1. A barrier laminate (1) comprising barrier and planarisation materials 

cbaracterized in that said barrier laminate (1) contains at least one discontinuous layer (4) of 
a planarisationn^aUwMch layer is divided mtounconne^ 

the plane. a 

5 

2. A barrier laminate (1) according to claim 1. wherein said unconnected areas 
(5) are separated by regions (6) of a barrier material. 

3. A barrier laminate (1) according to claim 1 or 2, wherein said planarisation 
10 material is an organic material. 

4. A barrier laminate (1) according to claim 1 or 2, wherein said planarisation 
material is a combination of organic and inorganic materials. 



15 5 Ab ^ erla ^( 1 >^ or ^gto^ 
said barrier material is an inorganic material. 

6- A barrier laminate (1) according to any one of me claims 2-5, wherein said 

regions (6) of a barrier material fonns a checked pattern. 

20 

7. A barrier laminate (1) according to any one of the preceding claims, further 
comprising at least one continuous layer (3) of a barrier material. 

8. Ab ^^te(l) accord 

25 said discontinuous layer (4) is arranged between two continuous layers (3) of a barrier 
material. 

9- A barrier laminate (1) according to any one of the preceding claims, further 

comprising at least one continuous layer (2) of a planarisation material. 
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10 - A barrier laminate (1) according to any one of the previous claims, wherein 

said planarisation material is a polymeric material. 

5 1 1 • A barrier laminate (1 ) according to any one of the preceding claims, wherein 

said planarisation material is selected from the group consisting of parylene, acrylates, 
epoxides, urethanes, spin-on dielectrics, and siloxanes. 

12 « A harrier laminate (1) according to any one of the preceding claims, wherein 

1 0 said barrier material is selected from the group consisting of are Si0 2 , SiC, Si 3 N 4 , Ti0 2 HfD 2 , 
Y 2 0 3 , Ta 2 O s , and A1 2 0 3 . 

13. Use of a hairier laminate (1) according to any one of the preceding claims as 
an oxygen and/or water impermeable film. 

15 

14. A method for the manufacture of a discontinuous layer (4) in a hairier 
laminate (1) comprising: 

depositing a continuous layer of a planarisation material, 
removing regions of said layer of a planarisation material, and 
20 - filling said regions with a barrier material. 

15. A method for the manufacture of a discontinuous layer (4) in a barrier 
laminate (1) comprising: 

depositing a patterned layer of a planarisation material, whereby regions where 
25 no planarisation material is deposited are formed, and 

filling said regions with a barrier material. 

16- A method according to claim 1 5 or 1 6, wherein said filling of said regions 

with a barrier material is performed simultaneously as the deposition of a continuous layer of 
30 a barrier material on said discontinuous layer. 

17. An electronic device, or more particular electroluminescent device, having 

active layers and a barrier laminate (1) according to any one of the claims 1 to 12 positioned 
over the active layers, the laminate having a discontinuous layer (4)which is, among the 
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layers of the laminate containing plantation material, me one closest to the active layers of 
said electroluminescent device. 
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ABSTRACT: 



A barrier laminate (1) and electroluminescent device comprising such laminate 
is disclosed The barrier laminate (1) contains at least one discontinuous layer (4) of a 
penalisation material, which layer is divided into unconnected areas (5) distributed along the 
plane. The unconnected areas (5) are separated by regions (6) of a barrier material. Further, 
5 methods for the manufacture of a discontinuous layer (4) in a barrier laminate (1) is 
disclosed, as well as the use of such a discontinuous layer (4) as a water and/or oxygen 
impermeable layer. 
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